Four different DNA helicases from calf thymus.
Using a strand displacement assay we have followed DNA helicase activities during the simultaneous isolation of several enzymes from calf thymus such as DNA polymerases alpha, delta, and epsilon, proliferating cell nuclear antigen, and replication factor A. Thus we were able to discriminate and isolate four different DNA helicases called A, B, C, and D. DNA helicase A is identical with the enzyme described earlier (Thömmes, P., and Hübscher, U. (1990) J. Biol. Chem. 265, 14347-14354). The four enzymes can be distinguished by (i) their putative molecular weights after sodium dodecyl sulfate-polyacrylamide gel electrophoresis, (ii) glycerol gradient sedimentation under low and high salt conditions, (iii) sensitivity to salt, (iv) binding to DNA, (v) nucleoside- and deoxynucleoside 5'-triphosphate requirements, and (vi) by their direction of movement. DNA helicase A unwinds in the 3'----5' direction on the DNA it was bound to, while DNA helicases B, C, and D do so in the 5'----3' direction. DNA helicase D, and to some extent DNA helicases B and C, are able to unwind long substrates of more than 400 nucleotides. Replication factor A, a single-stranded heterotrimeric DNA binding protein involved in cellular DNA replication and DNA repair stimulates the DNA helicases. The stimulatory effect is most pronounced on DNA helicase A, where replication factor A enables this helicase to unwind longer substrates. DNA helicases B, C, and D are also stimulated by replication factor A. The effect of replication factor A appears to be specific since corresponding single-stranded DNA binding proteins from Escherichia coli and bacteriophage T4 have no or even a negative effect on the four DNA helicases. Heterologous human replication factor A has no stimulatory effect on any of the four DNA helicases suggesting a species specificity of these interactions. Thus it appears that mammalian cells possess, as does E. coli, a variety of different enzymes that can transiently abolish the double helical DNA structure in the cell.